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Colorectal Cancer Associated Circulating Nucleic Acid Biomarkers

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority benefit of U.S. provisional application no.
61/550,098, filed October 21, 2011.

BACKGROUND OF THE INVENTION
[0002] Colorectal cancer is the third most common cancer diagnosis in the United States
and the second leading cause of cancer-related deaths. Methods to detect colorectal cancer,
including colonoscopy and stool tests are available, however there are drawback to these
various testing methods (see, e.g., McFarland et al., Radiology 248:717-720, 2008). There is

a need for efficient detection methods. This invention addresses that need.

BRIEF SUMMARY OF THE INVENTION
[0003] The invention is based, in part, on the discovery of circulating nucleic acids (CNA)
biomarkers associated with colorectal cancer. In some embodiments, the CNA biomarkers
are polynucleotide fragments, e.g., DNA fragments, that are present at an elevated level in
blood, e.g., in a serum or plasma sample, of a colorectal cancer patient in comparison to the
level in blood, e.g., a serum or plasma sample, obtained from a normal individual who does
not have colorectal cancer. In some embodiments, the CNA biomarkers are DNA
polynucleotide sequences, i.e., DNA fragments that are present in blood, e.g., in a serum or
plasma sample, at a decreased level of a colorectal cancer patient in comparison to the level

in blood, e.g., serum or plasma, of a normal individual who does not have colorectal cancer.

[0004] Accordingly, in one aspect, the invention provides a method of analyzing CNA in a
sample (blood, serum or plasma) from a patient comprising detecting the level of at least one
cell-free DNA having a nucleotide sequence falling within a chromosomal region set forth in
Table 2 in the sample. In some embodiments, detecting the level of the at least one
biomarker comprises detecting a cell-free DNA molecule having between at least 20 to at
least 500 consecutive nucleotides, or, e.g., between at least 50 and at least 400 consecutive

nucleotides of a unique sequence within a chromosomal region as set forth in Table 2.

CA 2852098 2020-02-26
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(8005} In one embodiment, 3 method of analyzing circulating free DNA in a patient sample
is provided, cmnprisiﬁg determining, in a sample that is blood, serum or plasma, the level of
atleust 2, 3,4, 5,7, 8,9, 10, 15, 20, 30, 40, 45, 50, 55,60, 63, 70, 75, R0 or &1 cell-free DNA
molecules each having a sequence falling within a different chromosomal region set forth in
Table 2, and preferably the sequences of the celi-free DNA molecules are free of repetitive

clement.

{8806}  Iv avother aspect, the present invention provides a kit including two or more ( eg., ot
teast 2, 3,4, 5,7, 8,9, 10, 15, 20, 30, 40, 45, 30, 55, 60, 65, 70, 75, 20, or 81) scts
oligonucicotides. In some cmbodiments, the kit includes 82 or fewer sets of oligonucieotides.
Each set comprises one or more oligonucleotides with a nucleotide sequence falling within
one single chromosormal region that is set forth in Table 2. Preferably, different
oligonucleotide sets correspond to different chromosomal regions within Table 2. Preferably
the oligonuclectides are free of repatitive elements. Optionally, the oligonucieotides are

attached to onc or more sohd substrates such as microchips and beads.

[8807]  To avother aspect, the present invention provides a method of diagnosing or
screening for colorectal cancer in a patient. The method includes the steps of’ {(a) detecting,
in a sample that is blood, serum or plasma from a patient, the level of atleast 2, 3, 4, 5, 7, 8,
9, 19, 18, 20, 30, 40, 45, 50, 55, 60, 65, 70, 75, 80 or &1 of the cell-free DNA molecules each
having a sequence falling within a different chromosomal region set forth in Table 2; and (b)
zorrelating the level of said first and second cell-free DNAs with an increased likelibood that
the patient has colorectal cancer. Preferably, the sequences of the cell-free DNA molecules

are free of repetitive elements.

{8808}  Io one aspect, the invention provides a method of identifying a patient that has a
CNA biomarker associated with colorectal cancer, the methaod comprising detecting an
merease in the level, relative 1o normal, of at least one biomarker designated as “UP” 10 Table
2 in & CNA sample obtained from serum or plasma from the patient. A biomarker can be
identified using any mumber of methods, including sequencing of CNA as well as use of a

probe or probe set to detect the presence of the biomarker.

{88091  In some embodiments, the invention provides a method of identifving a patient that
has a CNA biomarker associated with colorectal cancer, the method comprising detecting a
decrease in the Jevel, relative to vormal, of at least one biorarker designated as “DOWN in

Table 2 in a CNA sample from serum or plasma from the patient. A biomarker can be

2
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identified using any number of methods, including sequencing of CNA as well as use of a

probe or probe set to detect the presence of the biomarker.

[0010] In a further aspect, the invention provides a kit for identifying a patient that has a
biomarker for colorectal cancer, wherein the kit comprises at least one polynucleotide probe to
a biomarker set forth in Table 2. Preferably, such a kit comprises probes to multiple
biomarkers, e.g., atleast 2, 3, 4, 5, 10, 20, 30, 40, 50, 55, 60, 65, 70, 75, 80, or all 81, of the
biomarkers set forth in Table 2. In some embodiments, the kit also includes an electronic
device or computer software to compare the hybridization patterns of the CNA in the patient
sample to a colorectal cancer data set comprising a listing of the levels of biomarkers in

colorectal cancer patients compared to normal individuals.

[0011] In some embodiments, the level of the at least one biomarker in CNA is determined
by sequencing. In some embodiments, the level of the at least one biomarker in CNA is
determined using an array. In some embodiments, the level of the at least one biomarker in
CNA is determined using an assay that comprises an amplification reaction, such as a
polymerase chain reaction (PCR). In some embodiments, a nucleic acid array forming a probe
set comprising probes to two or more chromosomal regions set forth in Tables 2 is employed.
In some embodiments, a nucleic acid array forming a probe set comprising 2, 3,4,5,6,7, 8,9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, or all 81 of the chromosomal regions,
set forth in Table 2 is employed.

[0012] In an additional aspect, the invention provides a method of detecting colorectal cancer
in a patient that has, or is suspected of having, colorectal cancer, the method comprising
contacting DNA from the serum or plasma sample with a probe that selectively hybridizes to a
sequence, e.g., of at least 15, 20, 25, 50, 100, or 500, or greater, nucleotides in length present
on a chromosomal region set forth in Table 2 under conditions in which the probe selectively
hybridizes to the sequence; and detecting the level of hybridization of the probe, wherein the

level of hybridization to the sequence is indicative of colorectal cancer.

[0012A] Various embodiments of the claimed invention relate to a method of diagnosing or
screening for colorectal cancer in a patient, comprising: detecting, in a sample that is blood,

serum or plasma from said patient, the total level of a circulating cell-free DNA having a

Date Regue/Date Received 2022-01-07
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sequence free of repetitive elements that is unambiguously assigned to a chromosomal region
designated as “UP” in Table 2; and correlating an increased level of said circulating cell-free
DNA with an increased likelihood that said patient has colorectal cancer when the level is at
least two standard deviations greater than an index value from normal subjects; wherein the
nucleotide positions on the chromosomal regions in Table 2 are numbered according to
National Center for Biotechnology Information human genome, hg18/build 36.1 genome

version released March 2006.

[0012B] Various embodiments of the claimed invention also relate to a method of diagnosing
or screening for colorectal cancer in a patient, comprising: detecting, in a sample that is blood,
serum or plasma from said patient, the total level of a circulating cell-free DNA having a
sequence free of repetitive elements that is unambiguously assigned to a chromosomal region
designated as “DOWN” in Table 2; and correlating a decreased level of said circulating cell-
free DNA with an increased likelihood that said patient has colorectal cancer when the level is
at least two standard deviations lower than an index value from normal subjects; wherein the
nucleotide positions on the chromosomal regions in Table 2 are numbered according to
National Center for Biotechnology Information human genome, hg18/build 36.1 genome

version released March 2006.

[0012C] Various embodiments of the claimed invention also relate to a method of diagnosing
or screening for colorectal cancer in a patient, comprising detecting, in a sample that is blood,
serum or plasma from said patient, the total level of circulating cell-free DNAs, each having a
sequence free of repetitive elements that is unambiguously assigned to a chromosomal region
designated as “UP” in Table 2; and correlating an increased total level with an increased
likelihood that said patient has colorectal cancer when the total level is at least two standard
deviations greater than an index value from normal subjects; wherein the nucleotide positions
on the chromosomal regions in Table 2 are numbered according to National Center for
Biotechnology Information human genome, hg18/build 36.1 genome version released March

2006.

[0012D] Various embodiments of the claimed invention also relate to a method of diagnosing

or screening for colorectal cancer in a patient, comprising detecting, in a sample that is blood,

Date Regue/Date Received 2022-01-07
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serum or plasma from said patient, the total level of circulating cell-free DNAs each having a
sequence free of repetitive elements that is unambiguously assigned to a chromosomal region
designated as “DOWN” in Table 2; and correlating a decreased total level with an increased
likelihood that said patient has colorectal cancer when the total level is at least two standard
deviations lower than an index value from normal subjects; wherein the nucleotide positions on
the chromosomal regions in Table 2 are numbered according to National Center for
Biotechnology Information human genome, hg18/build 36.1 genome version released March

2006.

[0012E] Various embodiments of the claimed invention also relate to a system for analyzing
circulating cell-free DNA to diagnose or screen for colorectal cancer, comprising: a sample
analyzer for determining in a blood, plasma, or serum sample from a patient, the level of a
circulating cell-free DNA having a nucleotide sequence of at least 25 nucleotides falling within
a chromosomal region set forth in Table 2; and a computer system for automatically receiving
and analyzing data obtained in step (1), and for correlating the total level of said circulating

cell-free DNA with a diagnosis of colorectal cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 provides an example of ROC curves for the various combinations of regions.

Panel A: Global Normalization all regions (46) AUC: 0.95 0.88 - 0.99; Panel B:

4a
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Local Normalization all regions (35) AUC: 0.93 0.86 - 0.98; Panel C: Direction Up (35)
AUC: 0.93 0.87 - 0.97; Panel D: Direction Down (46) AUC: 0.92 0.84 - 0.97.

DETAILED DESCRIPTION OF THE INVENTION
[0014] As used herein, a “biomarker” refers to a nucleic acid sequence that corresponds to
a chromosomal region, where the level of the nucleic acid in CNA relative to normal is
associated with colorectal cancer. In some embodiments, in which a biomarker is indicated
as “UP” in Table 2, the level in CNA of a colorectal cancer patient is increased relative to
normal. In some embodiments, in which a biomarker is indicated as “DOWN” in Table 2,

the level in CNA of a colorectal cancer patient is decreased relative to normal.

[0015] Inthe current invention, a “chromosomal region” listed in Table 2 refers to the
region of the chromosome that corresponds to the nucleotide positions indicated in the tables.
The nucleotide positions on the chromosomes are numbered according to Homo sapiens
(human) genome, hg18/build 36.1 genome version released March 2006. As understood in
the art, there are naturally occurring polymorphisms in the genome of individuals. Thus,
each chromosome region listed in Table 2 encompasses allelic variants as well as the
particular sequence in the database. An allelic variant typically has at least 95% identity,
often at least 96%, at least 97%, at least 98%, or at least 99% identity to the sequence of a
chromosomal region that is present in a particular database, e.g., the National Center for
Biotechnology Information. Percent identity can be determined using well known
algorithms, including the BLAST algorithm, e.g., set to the default parameters. Further, it is
understood that the nucleotide sequences of the chromosomes may be improved upon as
errors in the current database are discovered and corrected. The term “chromosomal region”
encompasses any variant or corrected version of the same region as defined in Table 2.
Given the information provided in Table 2 in the present disclosure and the available genome
databases, a skilled person in the art will be able to understand the chromosomal regions used

for the present invention even after new variants are discovered or errors are corrected.

[0016] “Detecting a chromosomal region” in CNA in the context of this invention refers to
detecting the level of any sequence from a chromosomal region shown in Table 2, where the
sequence detected can be assigned unambiguously to that chromosomal region. Thus, this
term refers to the detection of unique sequences from the chromosomal regions. In the
current invention, the level of at least one region, typically multiple regions used in
combination, in a CNA sample is compared to the range found for such region in a group of

“normal” individuals, i.e., in the context of this invention, individuals who do not have cancer
4b
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or at least have not been diagnosed with cancer. For regions that are increased in level in

colorectal cancer patients, i.e., regions listed as UP in Table 2, a result is typically considered

4c

CA 2852098 2020-02-26



“wh

G

]
o
-

30

CA 02852098 2014-04-11
WO 2013/066641 PCT/US2012/061044

to be increased if the result for the sample is higher than the (S()ih, 70% 75% 80, 85 9()‘}‘,
95 or 99" percentile. For regions that are decreased in level in colorectal cancer patients,
i.e., regions listed as DOWN in Table 2, a result is typically considered 10 be decrensed if the
result for the sample is below the 40", 30", 25™, 20™ 15™ 10", 5" or 1% percentile in normal
individuals. Methods of removing repetitive sequences from the analysis are known 1n the art
and mclude use of blocking DNA, e.g., when the target nucleic acids are wdentified by
hybridization. In some embodiments, typically where the presence of a colorectal cancer
biomarker is determined by sequencing the CNA from a patient, well known computer
programs and manipulations can be used to remove repetitive sequences from the analysis
(sce, e.g., the EXAMPLES section). In addition, sequences that have rmaaltiple equally fitting

alignment to the reference database are typically omitted from further analyses.

18817F  The term “detecting a biomarker” as used herein refers to detecting &
polynucieotide, e.g., DNA, from a chromosomal region listed in Table 2 in CNA. Asused
herem, “detecting the level” of a biomarker encompasses guantifative measurements as well
as detecting the presence, or absence, of the biomarker. Thus, e.g., the term “detecting an
erease in the fevel of” a biomarker, relutive to nonmal, includes qualitative crabodiments in
which the biomarker is detected in a patient sample, but not a normal sample. Similarly, the
term “detecting a decrease 1 the level of” a biomarker, relative to normal, includes
embodimentis in which the biomarker is not detected in a patient sample, but is detected in
normal samples. A biomarker is considered to be “present” if any nucleic acid sequence in

the CNA is unambiguously assigned to the chromosomal region.

{80181 The term “unambiguously assigned” in the context of this invention refers to
deterniining that a DNA detected in the CNA of a patient is from a particular chromosomal
region. Thus, in detection methods that employ hybridization, the probe hybridizes
specifically to that region. In detection methods that employ amplification, the primer(s)
hybridizes specifically to that region. In detection maethods that eraploy sequencing, the
sequence i assigned to that region based on well-knowa algorithms for identity, such as the
BLAST algorithm using high stringent parameters, such as 2<0.0001. In addition, such a

sequence docs not have a further equally fitting hit on the used databasce.

(8619}  The term “circulating nucleic acids” refers o acellular nucleic acids that are present

in the blood.
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[8G28] The term “circulating cell-free DNA™ as used herein means frec DNA molecules of
25 nucleotides or longer that are not contained within any intact cells in haman blood, and

can be obtained from human serum or plasma.

186211 The term "hybridization” refers to the formation of 2 duplex structure by two single
stranded nucleic acids duc to complomentary base pairing. Hybridization can occur between
exactly complementary nucieic acid strands or between nucleic acid strands that contain
minor regions of misroatch. As used herein, the rerm "substantially complementary” refers to
sequences that are complementary except for minor regions of raismatch. Typically, the total
number of mismatched mucleotides over a hybridizing region is not more than 3 nucieotides
for sequences about 15 nucleotides in length, Conditions under which only exactly
corpplementary nucleic acid strands will hybridize are reforred 1o as "stringert” or "sequence-
specific” hybridization conditions. Stable duplexes of substantially complementary nucleic
acids can be achieved under less stringent hybridization conditions, Those skilled in the art
of mucleie acid technology can determine duplex stability empirically considering a mumber
of variables including, for example, the length and base pair concentration of the
oligonucleotides, ionie strength, and incidence of mismatched base pairs. For example,
computer software for caleuiating duplex stability is commercially available from National
Biosciences, Inc. (Plymouth, Minn ), e.g., OLIGO version 5, or from DNA Software (Ann

Arxbor, Michigan), e.g., Visual OMP 6,

18022] Stringent, sequence-specific hybridization conditions, under which an
oligonucieotide will hvbridize only to the target sequence, are well known in the art {see, e.g.,
the general references provided in the section on detecting polymorphismas in nueleic acid
sequences). Stringent conditions are sequence-dependent and will be different in different
circamstances. Generally, stringent conditions are selected to be about 5°C lower (o 5°C
higher than the thermal melting pomnt {Tm) for the specific sequence at a defined onic
strength and pH. The Tm 5 the temperature (under detined ionie strength and pH) at which
50% of the duplex strands have dissociated. Relaxing the stringency of the hybridizing
conditions will allow sequence mismaiches to be tolerated; the degree of mismatch tolerated

cait be controlled by suitable adjustment of the hybridization conditions,

(80231  The term "primer” refers 1o an oligonucleotide that acts as a point of nitiation of
DNA synthesis under conditions in which synthesis of a primer extension product
complementary 10 & nucleic acid strand is induced, ie., in the presence of four different
nucleoside triphosphates and an agent for polymerization (i.c., DNA polymerase or reverse
franscriptase) in an appropriate buffer and at a suitable teraperature. A primer is preferably a

6
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single-stranded oligodeoxyribonucleotide. The primer inchudes a "hybridizing region®
exactly or substantially complementary to the target sequence, preferably about 15 to about
335 nucleotides in length, A primer oligonucieotide can either consist entirely of the
hybridizing region or can contain additional features which allow for the detection,
immoebilization, or manipulation of the amplified product, but which do not alter the abulity of
the primer to serve as a starting reagent for DNA synthesis. For example, a nucleic acid
sequence tail can be included at the 5" end of the primer that hybridizes to 3 capture

oligorucieotide.

18624} The term "probe” refers to an oligomicleotide that selectively hybridizes to a target
nucleic acid under suitable conditions. A probe for detection of the biomarker sequences

de

assays, hybridization probes that are less than 50 bp are preferred.

scribed herein can be any length, e.g, from 15-500 bp in length. Typically, in probe-based

L9

§0251  The term "target sequence” of "target region” refers to g region of a nucleic acid that
o o bl o
is 10 be analyzed and comprises the sequence of interest,

N4

{8026}  As used herein, the terms “nucleic acid.” “polynuclectide” and “oligonucleonde”
refer to primers, probes, and oligomer fragments. The terms are not linuted by length and are
generic to lincar polymers of polydeoxyribomucleotides {(containing 2-deoxy-D-ribose),
polyribonuciectides (containing D-ribose), and any other N-glyveoside of a purine or
pyrimidine base, or modified purine or pyrimidine bases. These terms include double- and
single-stranded DNA, as well as double- and single-stranded RNA, Oligonucieotides for use

in the invention may be used as primers and/or probes.

{88271 A nucleic acid, polymuclectide or oligonuclectide can comprise phosphodiester
hinkages or modified linkages including, but not fumited to phosphotriester, phosphoramidate,
siloxane, carbonate, carboxymethylester, acctamidate, carbamate, thioether, bridged
phosphoramidate, bridged methyiene phosphonate, phosphorothioate, methylphosphonate,
phosphorodithivate, bridged phosphorothioate or sulfone linkages, and combinations of such

linkages.

18628] A nucleic acid, polynueleotide or oligonucleotide can comprise the five biologically
gocurring bases (adenine, guanine, thymine, cytosing and uracil) and/or bases other than the
five biologically occurring bases. These bases may serve a nomber of purposes, e.g., to
stabilize or destabilize hybridization; to promote or inhibit probe degradation; or as
attachiment points for detectable moictics or guencher moictics. For example, a

polynucleotide of the invention can contain one or more modified, non-standard, or

7
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derivatized base moieties, including, but not limited to, N6-methyl-adenine, N6-tert-butyl-
benzyl-adenine, imidazole, substituted imidazoles, 5-fluorouracil, 5 bromouracil, 5-
chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5
(carboxyhydroxymethyl)uracil, 5 carboxymethylaminomethyl-2-thiouridine, 5

5 carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine, N6
isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-
methyladenine, 2-methylguanine, 3-methylcytosine, S-methylcytosine, N6-methyladenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D
mannosylqueosine, 5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-

10  isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2
thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-
oxyacetic acidmethylester, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, 2,6-
diaminopurine, and 5-propynyl pyrimidine. Other examples of modified, non-standard, or
derivatized base moieties may be found in U.S. Patent Nos. 6,001,611; 5,955,589; 5,844,106;

15 5,789,562;5,750,343; 5,728,525; and 5,679,785. Furthermore, a nucleic acid, polynucleotide
or oligonucleotide can comprise one or more modified sugar moieties including, but not

limited to, arabinose, 2-fluoroarabinose, xylulose, and a hexose.

[0029] The term “repetitive element” as used herein refers to a stretch of DNA sequence of

at least 25 nucleotides in length that is present in the human genome in at least 50 copies.

20 [0030] The terms "arrays," "microarrays," and "DNA chips" are used herein
interchangeably to refer to an array of distinct polynucleotides affixed to a substrate, such as
glass, plastic, paper, nylon or other type of membrane, filter, chip, bead, or any other suitable
solid support. The polynucleotides can be synthesized directly on the substrate, or
synthesized separate from the substrate and then affixed to the substrate. The arrays are

25  prepared using known methods.
Introduction

[0031] The invention is based, at least in part, on the identification of nucleic acid
biomarkers in CNA having sequences from particular chromosomal regions that are present
in an increased level, relative to normal, in the blood of patients that have colorectal cancer.
30 The invention is also based, in part, on the identification of biomarkers in the CNA that are
present in a decreased level, relative to normal, in the blood of patients that have colorectal

cancer. Thus, the invention provides methods and devices for analyzing the presence and

8
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level in CNA of polynucieotide molecules from a chromosomal region corresponding to at

least one of the chromosomal regions set forth in Table 2.

[8632] Accordingly, in one aspect, the invention provides a method of analyzing CNA In &
sample (blood, serum or plasma) from a patient corprising detecting a level of at least one
circulating celi-frec DNA having a nucleotide sequence of at least 25 nucleotides falling
within a chromosomal region set forth in Table 2. Preferably, the circalating cell-free DNA
is free of repetitive elements To one embodiment, the patient 15 an individual suspected of or

dizgnosed with cancer, e.g., colorectal cancer,

O30

{8633} By “falling within”™ it is meant herein that the nucleotide sequence of a circulating
cell-free DNA is substantially identical (e.g., greater than 95% identical) to a part of the
nucleotide sequence of a chromosome region and can be unambiguously assigned to the
chromosome region. In other words, the circulating cell-free DNA can hybridize to under

stringent conditions, or be derived from, the chromosomal rogion,

{80341  In one embodiment, a method of analyzing circulating celi-free DNA in a patient
sample is provided, comprising determining, in a sample that is blood, seram or plasma, a
level of a plurality of circulating cell-free DNA molecules cach having a sequence of at least
25 consecutive nuciectides in length, or at feast 40, 80, 60, 75, or 100 or more consecutive
nuclectides falling within the same one single chromosomal region set forth in Table 2.
There may be two or more or any sumber of different circulating cell-free DNA wolecules
that are all derived from the same one chromosomal region set forth in Table 2, and in some
embodiments, all such circulating cell-free DNA molecules are detected and the fevels

thereof are determined.

{88351 Preferably the sequences of the circulating cell-free DNA maolecules are free of

repetitive clements.

(8036} [n one embodiment, 3 method of analyzing circulating cell-free DINA in g patient
sample is provided, comprising determining, in 2 sample that is blood, serum or plasma, 2
fevel ofatleast 2, 3, 4, 5, 7, 8.9, 10, 13, 20, 30, 40, 50, 55, 60, 65, 70. 75, or at least 80 or of
&1 circulating cell-free BNA molecules cach having a sequence of at least 25 consecutive
nucleotides, or at least 44, 5¢ 60, 75, or 100, or more consecutive nucleotides falling within a
different chromosomal region set forth in Table 2. Preferably, the sequences of the
circulating celi-free DNA molecules are free of repetitive elements. In preforred
crubodiments, the celi-frec DNA molecules have scquences falling within different

chromosomal regions in Table 2. In one specific embodiment, the levels of atleast 2, 3, 4, §,

9
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7,8,G, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, or at least 8(, or of ¥i, circulating
celi-free DNA molecules are determined, the sequence of each falling within a different

chromosomal region set forth in Table 2.

188371 In a specific ewbodiment, the method of analyzing circulating cell-free BNA
includes the steps of! isolating, from blood, scrum or plasma sampic of a paticnt, substantially
all circulating cell-free DNA molecules having a length of at least 20, 25, 30, 40, 56, 75 or
100 consecutive nucleotides in length, or between 50 and 400 nucleotides in leogth, obtaining
the sequence of each of the circulating cell-free DNA molecules, determining whether the
sequence falls within a chromosomal region set forth in Table 2 and the fevel of said

SCqUEnce.

[8638] In another specific embodiment, the method of analyzing circulating cell-free DNA
includes the steps of! isolating, from blood, serum or plasma sample of a patient, substantially
all circulating cell-free DNA molccules having a length of at least 20, 25, 38, 490, 54, 75 or
100 consecutive nucleotides in length, or between 584 and 400 nucleotides in length, and
contacting the circulating cell-free DNA molecules to a plurality of oligonucieotides (e.g., on
a DNA chip or microarray) to determine if one or more of the circulating cell-free DNA
molccules hybridizes to any onc of the pharality of oligonucieotide probes under siringent
conditions. Each of the oligonucleotide probes has a nucleotide sequence identical to a part
of the sequence of a chromosomal region set forth in Table 2. Thus, if a circulating DNA
molecule hybridizes under stringent conditions to one of the oligonuclectide probes, it
mdicates that the circulating DNA molecule has a nucleotide sequence falling within a
chromosoral region set forth in Table 2 and indicates the presence of the circulating DNA
molecule. The level of the circulating DNA molecule can be determined by determining the

amount of hybridized probe(s).

18638}  In the above various crsbodiments, preferably the circulating celi-free BNA
molecules have at feast 25 consecutive nucleotides in length (preferably at least 30, 70, 80,
106, 120 or 200 consecutive nucleotides in length). More preferably, the circulating cell-free
DINA molecules have between about 50 and about 300 or 400, preferably from about 75 and
about 300 or 404, more preferably from about 100 to about 200 consecutive nucleotides of a

unique sequence within a chromosomal region as set forth in Table

{8048} In another aspect, the present invention provides a method of diagnosing or
screening for colorectal cancer in a patient. The method includes the steps of’ {a)

determining, i a sample that 1s blood, serum or plasma from a pationt, the level of at least 1,

10
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2,3,4,5,6,7,8, 9,10, 15, 20, at least 30 or more, or of 35, circulating cell-froe DNA
molecules each having a seqoence of at least 25 nucleotides in length falling within a
different chromosomal region designated as “UP” Table 2; and (b) correlating the presence of
an increased level of the circulating celi-free DNAs, relative to normal, with an increased

likelthood that the patient has colorectal cancer,

(86411  Tn another embodiment, the method of invention inclades the steps of: (a)
deteroyining, io a sample that is blood, sermm or plasmoa from a patiend, the level of at least 1,
2,3,4,5,6,7,8,9 10, 15, 20, 25, 30, 35, 40, of at least 45, or of 46, circulating cell-free
DNA molecules cach having a sequence of at least 28 nucleotides in length falling within a
different chromosomal region designated as “DOWN” in Table 2; and (b) correlating the
presence of a decreased level of the circulating cell-free DNAs, relative o noroal, with an

increased likelihood that the patient has colorectal cancer.

183421 When the steps of the above methods are applied to 8 patient diagnosed with
colorectal cancer, the patient may be monttored for the status of colorectal cancer, or for
determining the treatment effect of a particular treatment regioen, or detecting cancer

CCUrrCnee or reiapse.

{8043} In the diagnosis/monitoring method of the present invention, preferably the
sequences of the circulating cell-free DNA molecules are free of repetitive clements, In
preforred emboditoents, the celi-free DNA molecules have sequences falling within difforent

chromosomal regions in set forth in Table 2

163441  In one embodiment, a method of diagnosing colorectal cancer in an individual is
provided, comprising (3} determmuning the levels of atleast 1,2, 3,4, 5,6, 7,8, 9, 10, 15, 26,
at least 30 or more, or of 35, curculating cell-free DNA molecules cach having a sequence of
at least 25 mucleotides in length falling within a different chromosomal region designated as
“UP” Table 2; and (b} correlating the presence of an increased level, relative to normal, of
one or more of the circulating cell-free DNA molecoles with an increased likelihood that the
individual has colorectal cancer or a recurrence of colorectal cancer or a failure of treatment

for colorectal cancer,

18045]  In one embodiment, a method of diagnosing/monitoring colorectal cancer in an
individual is provided, comprising () determining the fevels of at least 1,2, 3,4, 5,6, 7,§, 9,
10, 15,20, 25, 30, 35, 40, of at least 45, or of 46, circulating cell-free DNA moolecnles each
having a scquence of at lcast 25 muclootides in Iength falling within a different chromosomal

ezion designated as “DOWN” in Table 2; and (b} correlating the presence of a decreased
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fevel, refative to normal, of one or more of the circulating cell-free DNA molecuies with an
mmcreased likelihood that the individual has colorectal cancer or a recurrence of colorectal

cancer or 9 failure of treatinent for colorectal cancer,

188461  In yet another embodiment, the method of diagnosing, monitoring or screening for
colorectal canccr in a paticnt, imcludes determining, in a sample that is blood, scrum or
plasma from the patient, the level of each and all circulating cell-free DN As, each having a
sequence falling within the same one single chromosornal region designated as “UP™ in Table
2; and comrelating an increased total level of said circulating cell-free DNAs, with an
mcreased likelihood that said patient has colorectal, or recurrence of colorectal cancer. In
other words, there can be any number of, and typically many, different circulating cell-free
DNA molecules derived from one single sarpe chromosornal region set forth in Table 2, and
all of such different circulating cell-free DNA molecules are detected and the levels

determined, and correlation with the status of colorectal cancer is made,

(83471 Tn another embodiment, the method of diagnosing, monitoring or screening for
colovectal cancer i a patient, includes deterroining, in a sample that is blood, serum or
piasma from the patient, the level of each and all circulating cell-free DNAs, each havinga
sequence falling within the same one single chromosomal region designated as “DOWN" in
Table 2; and correlating a decreased level of said circulating cell-free DNAg with an
increased likelihood that said patient has colorectal, or recurrence of eolorectal cancer. In
other words, there can be any number of] and typically many, different circulating cell-free
DNA molecnles dertved from one single same chromosomal region set forth i Table 2, and
all of such different civcunlating cell-free DNA molecules are detected and the lovel

determined, and correlation with the status of colorectal cancer is made.

(8048} In a specific embodiment, substantially all circulating cell-free DNA molecules
having a length of at least 20, 25, 30, 40, 53¢, 75 or 100 consecutive nucleotides in length, or
between 50 and 400 nucleotides in length, are isolated from a blood, serum or plasma sample
of a patient. The sequence of at least some representative portion of each of the isolated
circulating cell-free DNA molecules is determined, and compared with one or more of the
scquences of the chromosomal regions set forth i Table 2 to determine whether the sequence

T

of a circulating cell-free DINA falls within a chromosomal region designated as “UP” in Table
2 and the level of the circulating DNA having said sequence. Ifthe level is increased relative
to normal, a diagnosis of colorectal cancer is made. In the case of a patient treated with a
therapy for colorectal cancer, recurrence is indicated if an increase, relative to normal, in the
fevel of a circulating cell-froe DNA that falls within a chromosomal region designated as

12
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“UP” in Table 2 is detected. In preferred embodiments, a diagnosis of colorectal cancer or
colorectal cancer treatment failure or recurrence s indicated if bwo or more cireulating cell-
free TINA moolecules that fall within 2, 3, 4, 5, 6, 7, 8, 9, 10, or more chromosomal regions

designated as “UP” in Table 2 are increased.

183491 In ancther specific embodiment, substantially all circulating cell-froe DNA
molecules having a length of at least 20, 25, 30, 40, 50, 75 or 100 ¢consecutive nucleotides in
length, or between 50 and 400 nucleotides in length, are isolated from a blood, serum or
piasma sample of a patient. These circulating cell-free DNA molecules, or a representative
portion thereof, are hybridized {0 a microarray that is described above in the context of the kt

o

invention to determine if one of the circulating cell-free DNA molecules hybridizes to any
one of a plurality of oligonuciestide probes vader stringent conditions. Fach of the
oligonucleotide probes has a nucleotide sequence identical to a part of the sequence of a
chromosomal region designated as “UP” in Table 2. Thus, if a circulating DNA molecule
hybridizes under stringent conditions to oune of the oligonuclootide probes, it indicates that the
circulating DNA molecule has a nucieotide sequence falling within g chromosomal region set
forth in Table 2 and the level is determined. If the Tevel is increased, relative 1o normal, a
diagnosis of colorectal cancer is made. In the case of a patient treated with a therapy for
colorectal cancer, recurrence 1 ndicated 1f there 18 an mnercase in the lovel of 8 circulating
coll-free DNA falls within a chromosomal region designated as “UP” in Table 2 is detected.
in preferred embodiments, a diagnosis of colorectal cancer or colorectal cancer treatment
failure or recurrence is indicated if two or more circulating cell-free DNA molecules fall
within 2, 2,4, 5, 6,7, 8,9, 10, or more chromosomal regions designated as “UP” in Table 2

are increased.

18658} In aspecific embodiment, substantially all circulating cell-free DNA molecules
having a length of at least 20, 25, 36, 40, 5¢, 75 or 100 consecutive nucleotides in length, or
between 50 and 400 nucleotides in length, are olated from a blood, seram or plasma sample
of a patient. The sequence of at least some representative portion of gach of the isolated
circulating cell-free DNA molecules is determined, and compared with one or more of the
sequences of the chromosomal regions sct forth in Table 2 to determine whether the sequence
of a circulating cell-free DNA falls within a chromosomal region designated as “DOWN” in
Table 2 and the level of the polynucleotide having said sequence. If the level is decreased
relative to normal, a disgnosis of colorectal cancer s made. In the case of 4 patient treated
with a therapy for colovectal cancer, recurrence is indicated if a decrease, relative to normal,

in the level of a circulating cell-free DNA that falls within 3 chromosomal region designated
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as “DOWN” in Table 2 is detected. In preferred embodimenis, a diagnosis of colorectal
cancer or colorectal cancer treatment failure or recurrence 18 indicated if two or more

circulating cell-free DINA molecules that fall within 2, 3, 4, 5,6, 7, 8, 9, 10, or more

chromosomal regions designated as “DOWN” in Table 2 are decreased.

§6511  In another specific embodiment, substantially all circulating cell-free DNA
[ y 2
molecules having a length of at least 20, 25, 30, 40, 50, 75 or 100 ¢consecutive nucleotides in
fength, or between 30 and 400 nucleotides in length, are isolated from a blood, serum or
il B il B 5
plasma sample of a patient. These circulating cell-free DNA molecules, or a representative
portion thercof, are hybridized {0 a microarray that 1s described above in the context of the kit

o

invention to determine if one of the circulating cell-free DNA molecules hybridizes to any
one of a plurality of oligonuciestide probes vader stringent conditions. Fach of the
oligonucleotide probes has a nucleotide sequence identical to a part of the sequence of a
chromosomal region designated as "DOWN” i Table 2. Thus, if a circulating DNA
molecule hybridizes under stringent conditions to one of the oligonucleotide probes, it
indicates that the circulating DNA molecule has g nucleotide sequence falling within a
chromosomal region set forth in Tuble 2 and the level is determined. I the level s decreased,
relative to normal, a disgnosis of colorectal cancer is made. In the case of a patient treated
with a therapy for colorectal cancer, recurrence s indicated if there 18 a docrease m the level
of a circulating cell-free DNA falls within a chromosomal region designated gs “DOWN in
Table 2 is detected. In preferred embodiments, a dingnosis of colorectal cancer or colorectal
cancer treatment fathire or recurrence 18 indicated if two or more circulating celi-free DNA
molecules fall withinZ, 3, 4, 5, 6, 7, 8, 9, 10, or more chromosomal regions designated as

“UP” in Table 2 are decreased.

18652} In the above various embodiments, preferably the circulating cell-free DNA
molecules bave at least 25 consecutive nucleotides in length (preferably at least 50, 70, R(,
100, 120 or 200 consecutive nucleotides in lengthy. More preferably, the civenlating celi-free
DNA molecules have between about 30 and sbout 300 or 400, preferably from about 75 and
about 300 or 400, more preferably from about 100 to about 260 consecutive nucleotides of a

unigue sequence within a chromosomal region as set forth in Table 2

Betection of civculating nucleic acids in the blood

{80531 Tn order to detect the civculating nucieic acids in the blood of paticnts that may
have, or are suspected of having, colorectal cancer, a blood sample is obtained from the

patient. Serum or plasma from the blood sample is then analyzed for the presence and level
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of a circulating cell-free DNA or biomarker as deseribed herein. Nucleic acids can be
isolated from serum or plasma asing well known techniques, see, e.g., the example sections.
In the context of the currer inveniion, the nucleie scid sequences that are analyzed are DNA
sequences. Thus, in this section, methods described as evaluating “nucleic acids” refers o

the evaluation of DNA.

[8054] Detection techniques for evaluating nucleic acids for the presence and level of a
biomarker involve procedures well known in the ficld of molecular genetics. Further, many
of the methods invelve amplification of nucleic acids. Ample guidance for performing is
provided in the art. Exemplary references inchude manuals such as PCR Technology:

Principies and Applications for DNA Amphification (ed. H. A. Eslich, Freeman Press, NY,

MN.Y., 19925 PCR Protocols: A Guide to Methods and Applications (eds. s, etal,

Academic Press, San Diego, Calif | 1990); Current Protoccls in Molecular Biclogy, Ausubel,
1994-1999, mcluding supplemental updates through April 2004; Sambrook & Ruasseli,

Molecular Cloning, A Laboratory Marnual (3rd Ed, 2001).

[8855]  Although the methods may employ PCK steps, other amphification protocols may
also be used. Suitable amplification methods include ligase chain reaction (see, e.g., Wu &
Wallace, Geromics 4:560-5369, 198R); strand displacement assay (see, e.g.. Walker ¢t al,
Proe. Natl Acad. Sci, US4 89:392-396, 1992; U.S. Pat. No. 5,455,166); and several
transcription-based amplification systoms, including the methods deseribed in UL S, Pat. Nos,
5,437.990; 5,409 818; and 5,399,491; the transcription amplification system (TAS) (Kwoh &
af., Proc. Natl. Acad. Sci. US4 86:1173-1177, 1989); and self-sustained sequence replication
(3SR} (Guatelli et af., Proc. Natl, Acad. Sci. US4 87:1874-1878, 1990; WQ 92/08800}.
Alternatively, methods that amplify the probe 1o detectable Tevels can be used, such as Q-
replicase amplification (Kramer & Lizardy, Nature 339:401-402, 1989; Lomeli et /., Ciin,
Chem. 35:1826-1831, 1989). A review of known amplification methods is provided, for

example, by Abramson and Myers in Current Opinion in Biotechnology 4:41-47, 1693,

18656} In some embodiments, the detection of biomarker in the UNA of a patient is
performed asing oligonuclectide primers and/or probes to detect a target sequence, wherein
the target sequence is present in (e.g., comprises some unambiguously assigoed portion of)
any of the chromosomal regions listed in Table 2). Oligonuclcotides can be prepared by any
suitable method, nsually chemical synthesis, and can also be parchased through commercial
sources. Oligonucleotides can inchude modified phosphodiester linkages {(¢.g.,
phosphoerothioate, methylphosphonates, phosphoamidate, or boranophosphate) or linkages
other than a phosphorous acid derivative into an oligomucleotide may be used to prevent
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cleavage at a selected site. In addition, the use of 27-amine modified sugars tends to favor
displacement over digestion of the oligomucleotide when hybridized to a nucleic acid that is

also the teraplate for synthests of # new nucleic acid strand.

188571 In one embodiment, the biomarker 1s wdentified by hybridization under sequence-
speetfic hybridization conditions with a probe that targets a chromosomal region, e.g., targets
some unambigoously assigned portion of, any of the chromosomal regions listed in Table 2)
fescribed berein. The probe used for this analysis can be a long probe or sets for short
oligonculeotide probes, e.g., from about 20 to about 150 nucleotides in length may be

employed.

[8058] Suitable hybridization formats are well known in the art, including but not limited
to, solution phase, solid phase, oligonucleotide array {ormats, mixed phase, or in situ
hybridization assays. In solution (or liquid) phase hybridizations, hoth the target nucleic acid
and the probe or primers are free to interact in the reaction mixture. Techniques such as real-
time PCR systems have also been developed that permit analysis, e.g., quantification, of
amplified products during a PCR reaction. In this type of reaction, hybridization with a
spectfic oligonucieotide probe occurs during the amplification program to identify the
prescnce of a target nucleic acid. Hybridization of oligonucleotide probes ensure the highest
spectficity due to thermodynamically controlled two state transition. Examples for this assay
formoats are flucrescence resonance energy transfer hybridization probes, molecular beacons,
molecular scorpions, and exonuclease hybridization probes {e.g.. reviewed in Bustin, J. Mol

Endocrin, 25:169-93, 2000).

[86388] Suitable assay formats inchude array-based formats, described in greater detail
below in the “Deviee” section, where probe is typically immobilized. Alternatively, the

target may be immobilized.

{8666 In a format where the target 15 immobilized, amplified target BNA is immobilized
on a solid support and the target complex is incubated with the probe under suitable
hybridization conditions, unhybridized probe is removed by washing under suitably stringent
conditions, and the solid support is monitored for the presence of bound probe. In formats
where the probes are immobilized on a solid support, the target DNA is typically labeled,
wsually during amplification. The immobilized probe is incubated with the amplified target
DYNA under suitable hybridization conditions, uohybridized target DNA 15 removed by
washing under suitably stringent conditions, and the solid support/probe is monitored for the

presence of bound target DNA.
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(8061} In typical cmbodiments, multiple probes are immobilized on a solid support and the
target chromosomal regions in the CNA from a patient are analyzed using the mmiltiple probes

simultaneously. Examples of nucleic acid arrays are deseribed by WO 95/119935.

188621 In an altornative probe-less method, amplified nucleic acid corresponding to a target
nucleic acid present in a chromosomal region is performed using nucleic acid primers to the
chromosormal region and is detected by monitoring the increase in the total level of double-
stranded DNA in the reaction nmuxture, is described, e.g, in U.S. Pat. No., 5,994,056; and
Furopean Patent Publication Nos. 487,218 and 512,334, The detection of double-stranded
target DNA relics on the increased flucrescence various DNA-binding dyes, e.g., SYBR

Green, exhibit when bound to double-stranded DNA.

[8863] As appreciated by one in the art, specific amplification methods can be performed in
reaction that employ multiple primers to target the chromosomal regions such that the

Bromarker can be adequately covered.

DNA sequehcing

{8864 In preferred embodiments, a sequence from a chromosomal region set forth in Table
2 o the CNA from a patient undergoing evaluation is detected by direct sequencing. Such
scquencing, cspocially using the Roche 454, Hluming, and Applicd Biosystems scquencing
systems mentioned below or similar advanced sequencing systems, can include quantitation
of nucleic acids having a particular sequence to determine the level of a biomarker. Tn typical
erahodiments, CNA from a paticnt is sequenced using a large-scale sequencing method that
provides the ability to obtain sequence information from many reads. Such sequencing
platforms includes those commercialized by Roche 454 Life Sciences (G5 systems), Hivmina

{e.g., HiSeq, MiSeq) and Applied Biogystems {e.g., SOLiD systems).

[8065)  The Roche 454 Life Sciences sequencing platform involves using emulsion PCR.
and immobilizing DNA fragments onto bead. Incorporation of nucleotides during syothesis

is detected by measuring light that is generated when a nucleotide is incorporated.

{8066} The [Hlumina technology involves the attachment of randomty fragmented genomic
DNA to a planar, optically transparent surface. Attached DNA fragments are extended and
bridge ampiified to create an ultra-high density sequencing flow cell with clusters containing
copies of the same template. These templates are sequenced using a sequencing-by-synthesis

technology that employs reversible terminators with removable fluorescent dyes.
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(8867} Methods that employ sequencing by hybridization may also be used. Such methods,
2.2., as wsed in the Applied Bioaystems SOLiD4+ technology, tavolves emulsion POR that
irnmobilizes DNA fragments onto beads followed by the use of a pool of all possible
oligonucleotides of a fixed length, labeled according to the sequenced position.
Oligonugleotides are annealed and ligated; the preferential ligation by DNA ligase for

matching sequences results in a signal mformative of the nucleotide at that position,

{8868} The sequence can be determined using any other DNA seguencing method
ncluding, e.g., methods that use senvconductor technology to detect nucleotides that are
mcorporated into an extended primer by measuring changes i current that occur when a
nucleotide is incorporated (see, ez, ULS. Patent Application Publication Nos., 200901273589
and 20100035252}, Other techniques include divect label-free exonuclease sequescing io
which mucleotides cleaved from the nucleic acid are detected by passing through a nanopore
{Oxford Nanopore) (Clark et al,, Nature Nanotechnology 4: 265 - 270, 2609}); and Singie
Molecule Real Time (SMRT™) DNA sequencing technology (Pacitic Biosciences), which s

a sequencing-by synthesis technique.
Devices and Kits

{8668} In s further aspect, the invention provides diagnostic devices and kiits useful for
identifying and determining the level of one or more colorectal cancer-associated biomarkers
in the CNA from a patient where the one or moore biorvarkers has a sequence unambiguously
assigned o any of the chromosomal regions set forth in Table 2. As will be apparent to
skilled artisans, the kit of the present invention is useful in the above-discussed method for
analyzing circulating cell-free DXNA in a patient sample and in diagnosing, screening or

monitoring colorectal cancer as described above.

18678} Thus, in one aspect, the present invention provides the use of at least one
oligonucieotide for the manufacture of a diagnostic kit usetul in diagnosing, screening or
mounttoring colorectal cancer. The nucleotide sequence of the oligonucleotide falls within a

chromosomal region set forth jo Table 2.

18371} Preferably, the kit of' the present invention includes one, two or more {¢.g., at least
1,2,3,4,5,6,7,8,9, 14,12, 15, 20, 25, 30, 40 or at least 50, but preferably lesg than 81,
preferably from one to about 50, more preferably from 2 to about 38, or from 3 to about 50
sets of oligonuelectides. Hach set comprises one or more oligonucleotides (e.g., from about
one to about 10,000, preferably from 50, 100, 200 or 300 to about 10,0000, All of the

nucleotide sequences of such one or more oligonuclestides in each set fall within the same
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one single chromosomal region that is set forth in Table 2 {or match 3 part of the same one
single sequence set forth in Table A). Each oligonucleotide should have from about 18 to0
100 nucleotides, or from 20 10 about 30 nucleotides, and is capable of hybridizing, under
stringent hybridization conditions, to the chromosonal region in which its sequence falls.
The oligonucleotides are useful as probes for detecting circulating cell-free DINA molecules
derived from the chromosomal regions. Preferably, each set inchades a sufficient nmurnber of
oligonucleotides with sequences mapped to one chromosomal region such that any
circalating cell-free DNA molecules derived from the chromosomal region can be detected
with the oligomucleotide set. Thus, the number of oligonucleotides required in each set 18
determained by the total length of unique nucleotide sequence of a particular chromosomal

region, as will be apparent to skilled artisans. Such total lengths are indicated in Table 2.

18072] Preferably, in the kit of the present invention, different oligonucieotide sets
correspond to different chromosomal regions within the same table. Preferably, the
oligonucleotides are free of repetitive element. Optionally, the oligonucleotides are attached
10 one or more solid substrates such as microchips and beads. In preferred embodiments, the

kit is a micromray with the abuve oligonucleotides.

18673} Use of the oligonucleotides included in the kit described for the manufacture of the
kit useful for diagnosing, screening or monitoring colovectal cancer is alse contemplated.

The manufacturing of such kit should be apparent to a skilled artisan,

180741 In some embodiments, a diagnostic device comprises probes to detect at least 2, 3,
4,5,6,7,8 9,10, 15, 20, 30, 40, 50, 60, 75, 80, or all 81 chromosomal regions set forth in
Table 2. Tn some embodiments, the present invention provides probes attached to a solid
support, such as an array siide or chip, e.g, as described in DNA Microarrays: A Molecular
Cloning Manual, 2003, BEds. Bowtell and Sambrook, Cold Spring Harbor Laboratory Press.
Construction of such dovices are well known in the art, for example as desenbed in US
Patents and Patent Poblications U1.S. Patent No. 5,837,832; PCT application W095/1 1995,
UL.S. Patent MNo. 5,807,522; US Patent Nos. 7,157,229, 7,083,975, 6,444,175, 6,375,903,
6,315,938, 6,295,153 and 5,143 854, 2007/06037274, 2007/0140906, 2004/0126757,
2004/0110212, 2004/011021 1, 2003/014355¢, 2003/0003032, and 2002/0041420. Nucleic
acid arrays are also reviewed in the following references: Biotechnol Annu Rev 8:85-101
(2002); Sosnowski ef ¢f, Psvchiatr Gener 12{4).181-92 (Dec. 2002); Heller, dnnu Rev
Biomed Eng 4. 129-53 (2002); Kolchinsky et al, Hum. Miuiar 19(4).343-60 {(Apr. 2002); and
McGail et al, Adv Biochem Eng Biotechnol 77:21-42 (2002),
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(8075} Any number of probes may be implemented in an array. A probe set that hybridizes
1o different, preferably unique, segments of a chromosomal region may be used where the
probe set detects any part of the chromosomal region. Alternatively, a single probeto a
chromosomal region may be immobilized to a solid surface. Polynucleotide probe can be
synthesized at designated areas {or synthesized separately and then affixed to designated
areas) on a substrate, e.g., using a light-directed chemical process. Typical synthetic

polynucleotides can be about 15-200 nucleotides in length,

18876} The kit can include multiple biomarker detection reagents, or one or more
biomarker detection reagents in combination with one or more other types of elements or
components {e.g., other tvpes of biochemical reagents, containers, packages such as
packaging intended for convuercial sale, substrates to which biomarker detection reagenis are
attached, electronic hardware components, etc.). Accordingly, the present invention further
provides biomarker detection kits and systems, including but not Iimited to
arrays/microarrays of nucleic acid molecules, and beads that contain one or more probes or
other detection reagenis for detecting one or more biomarkers of the present invention. The
kits can optionally inclde various electronic hardware components; for exarnple, arrays
{("DNA chips™) and mucrofluidic systems ("lab-on-a-chip” systems) provided by various
manufacturers typically comprise hardware componenis. Other kits may not melude
electronic hardware components, but may be comprised of, for example, one or more
biomarker detection reagents {along with, optionaily, other biochemical reagents) packaged

11t OBE OF MOTE Coiainers.

(86771  Biomarker detection kifs/systoms may contain, for example, one or more probes, or

sets of probes, that hybridize to a nucleic acid molecule present iy 3 chromosomal region set

forth in Table 2.

186781 A biomarker detection kit of the present mvention may include components that are
nsed to prepare CNA from a blood sample from a patient for the subsequent amplification
and/or detection of a biomarker.

Correlating the presence of bismarkers with colorectal cancer

186791 The present invention provides methods and reagents for detecting the level of a
biomarker in CNA {rom a patient that has colorectal cancer or that is being evaluated to
determine if the patient may have colorectal cancer. In the context of the invention,
"detection™ or “identification” or “identifying the presence” or “detecting the presence” of 8
biomarker associated with colorectal cancer in a CNA sample from a patient refers 1o

20



wh

106

]
—
)

30

CA 02852098 2014-04-11

WO 2013/066641 PCT/US2012/061044

determining any level of the biomarker in the UNA of the paticnt where the level is greater
than a threshold value that distinguishes between colorectal cancer and non-colorectal cancer

CMA saroples for a given assay.

160881  In the current invention, for example, an increase in the level of any one of the
chromosomal regions (1.¢., biomarkers) designated as “UP” in Table 2 is indicative of
colorectal cancer. In some embodiments, a biomarker may have been observed to be present
infrequently o CNA obtalned from normal individuals; however, given the low frequency of
occurrence in normal samples relative to a higher frequency of cocurrence in colorectal
cancer, the presence of the biomarker in a patient indicates that the pationt has a8 greater

likelthood, e.g., 95% or greater likelihood, of having colorectal cancer,

{8081} The biomarkers designated as “UP” in Table 2 are associated with colorectal cancer,
i.e., they are over-represented in colorectal cancer patients compared to individuals not
diagnoscd with colorectal cancer. Thus, the detection of an increase, relative o non-
colorectal cancer patients, in the level of one or more of the biomarkers designated as “UP”
in Table 2 is indicative of colorects! cancer, i e, the paticnt bas an increased probability of
baving colorectal cancer compared to a patient that does not have an increase in the level of
the biomarker. In some embodiments, the detection and increase in the level of two or more
biomarkers designated as “UP” in Table 2 in the ONA of a patient is indicative of a greater
probability for colorectal cancer. As understood in the art, other criteria, e.g., clinical criteria,
gte., are also employed to diagnose colorectal cancer in the patient. Accordingly, patients
that have a biomarker associated with colorvectal cancer also undergo other diagnostic
procedures. In some embodiments, the patient is administered a therapeutic agent for
colorectal cancer, such as one or more chemotherapeutic ageunts, e.g., 5-fluorcuracil,
leucovorin, or oxaliplatin or capecitabine; and/or a monoclonal antibody, such as

bevacizamab, cetuximab, or panitumamab, or alternative monoclonal antibody.

{86821 The biomarkers designated as "DOWN” in Table 2 are associated with colorectal
cancer, /.e., they are under-represented in colorectal cancer patients compared o individuals
not diagnosed with colorectal cancer. Thus, the detection of a decrease, relative to non-
colorectal cancer paticots, in the level of one or more of the biomarkers designated as
“DOWN i Table 2 is indicative of colorectal cancer, 7 e, the patient has an increase
probability of having colorectal cancer cormpared (o a patient that does not have a decrease in
the level of the biomarker. In some embodiments, & biomarker may have been observed to be
present infrequently in CNA obtained from cancer patients; however, given the low
frequency of occurrence in cancer samples relative to a higher freguency of occurrence in
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normal individuals, the presence of the biomarker in 2 patient indicates that the patient has a
decreased likelihood, e.g., 5% or less hikelihood, of having colorectal cancer. As understood
in the art, other criteria, e.g., ¢linical criteria, cte., arc also cmployed to diagnose colorectal
cancer in the patient, Accordingly, patients that have a biomarker associated with colorectal
cancer also undergo other diagnostic procedures. In some embodiments, the patient is
administered a therapeutic agent for colorectal cancer, such as one or more chemotherapeutic
agents, e.g., S-fluorouracil, leucovorin, or oxaliplatin or capecitabine; and/or a monoclonal
antibody, such as bevacizamab, cetuximab, or panitumumab, or alternative monoclonal

antibody.

{8083}  “Over-represented” or “increased level” means that the level of one or more
circulating cell-free DNAs is bigher than normal levels, Generally this weans an increase in
the lovel as compared to an index value. Conversely “under-represented” or “decreased
fevel” means that the level of one or more particular circulating cell-free DNA molecules is
fower than normal levels. Generally this means a decrease in the {evel as compared 0 an

mdex value.

(8084}  In preferred embodiments, the test value representing the level of a particular
circulating celi-free DNA is compared to onc or more reference values (or index values), and
optionally correlated to colovectal cancer or cancer recurrence. Optionally, an increased
likelihood of colorectal cancer is indicated if the test value is greater than the reference value
for CNA listed as “UP” in Table 2 or {ess than the reference value for CNA listed as

“DOWN in Table 2.

[8685] Those skilled in the art are familiar with various ways of deriving and using index
values. For example, the index value mway represent the copy number ot concentration of a
particular cell-free DNA listed as “UP” n Table 2 in a blood sample from a patient of interest
n 4 healthy state, in which ¢ase & copy number or concentration m a sample from the pationt
at a different time or state significantly higher {e.g., 1.01-fold, 1.05-fold, 1.10-fold, 1.2-fold,
3-fold, 1.4-fold, 1.5-fold, 1.6-fold, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 3-fold, 4-fold, 5-fold,
10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold or more higher) than this index value
would indicatg, e.g., colorectal cancer or increased likelthood of colorectal cancer recurrence.
Tn some embodiments, the level of the CNA is “locreased” if wis at east 1, 2, 3, 4, 8, 10, 15,
290 or more standard deviations greater than the index value in normal subjects. In some
embodiments, an index value may represent the copy munber or concentration of a particular
cell-frec DNA listed as “DOWN" 1o Table 2 in a blood sample from a patient of interest in a
healthy state, in which case a copy number or concentration in a sample from the patient ata
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different time or state significantly lower (e.g., 1.01-fold, 1.05-fold, 1.10-fold, 1.2-fold, 1.3-
fold, §.4-fold, 1.5-fold, 1.6-fold, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 3-fold, 4-fold, S-fold, 10-
fold, 20-fold, 30-fold, 40-fuld, 30-fold, 100-t0ld or more lower) than this index value would
indicate, e.g., colorectal cancer or increased likelihood of colorectal cancer recurrence. In
some embodiments the level of the ONA s “decreased” if it is at least 1, 2, 3, 4, 5, 10, 15, 20

or more standard deviations lower than the ndex valuc in normal subjects.

{88861 Alternatively, the index value may represent the average concentraiion o Copy
number of a particular circulating cell-free DNA for a set of individuals from a diverse cancer
population or a subset of the population. For example, onc may determine the average copy
number or concentration of a circulating cell-free DNA in a random sampling of patients with
colorectal cancer. Thus, patients having a copy number or concentration {test value)
comparable to or higher than, this value identified as baving an increased likelihood of
having colorectal cancer or colorectal cancer recurrence than those having a test value lower

than this value.

{80871 A usetul index value may represent the copy nurnber ot concentration of a particular
circulating cell-free DNA or of a combination (weighted or straight addition) of two or more
circulating ccli-free DNAs corresponding to the same chromosomal region or different
chromosomal regions, When two or more biomarkers or circulating celi-free DNA molecules
arc used in the diagnosis/monitoring method, the level of cach biomarker or circulating cell-
free DNA can be weighted and combined. Thus, a test value may be provided by (a)
weighting the determined level of cach circulating cell-free DNA molecule with a predefined
coefficient, and (b} combining the weighted level to provide a test value, The combining step
can be either by straight addition or averaging (i.c., weighted equally) or by a different

predefined coefficient.

160881  The information obtained from the biomarker analysis may be stored 1n a computer
readable form. Such a computer system typically comprises major subsysterns such as a
central processor, a system memory (fypically RAM), an input/output ('O} controller, an
external device such as a display screen via a display adapter, serial ports, a keyboard, a fixed
disk drive via a storage witertace and a floppy disk drive operative to recctve a floppy dise,
and a CD-ROM {or DVD-ROM) device operative to recetve a CID-ROM, Many other

devices can be connected, such as a network interface connected via a serial port.

[868%] The computer system may also be linked 10 2 network, comprising a plurality of

compating devices linked via a data hak, such as an Ethernet cable (coax or 10BaseT),
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telephone line, ISDN line, wireless network, optical fiber, or other suitable signal
transmission medium, whereby at least one network device (e.g., computer, disk array, etc.)
comprises a pattern of magnetic domains (e.g., magnetic disk) and/or charge domains (e.g.,
an array of DRAM cells) composing a bit pattern encoding data acquired from an assay of the

invention.

[0090] The computer system can comprise code for interpreting the results of a study
evaluating the presence of one or more of the biomarkers. Thus in an exemplary
embodiment, the biomarker analysis results are provided to a computer where a central
processor executes a computer program for determining the likelihood of a patient that has

colorectal cancer.

[0091] The invention also provides the use of a computer system, such as that described
above, which comprises: (1) a computer; (2) a stored bit pattern encoding the biomarker
testing results obtained by the methods of the invention, which may be stored in the
computer; (3) and, optionally, (4) a program for determining the likelihood of a patient

having colorectal cancer.

[0092] The invention further provides methods of generating a report based on the

detection of one or more biomarkers set forth in Table 2.

[0093] Thus, the present invention provides systems related to the above methods of the
invention. In one embodiment the invention provides a system for analyzing circulating cell-
free DNA, comprising: (1) a sample analyzer for executing the method of analyzing
circulating cell-free DNA in a patient’s blood, serum or plasma as described in the various
embodiments above; (2) a computer system for automatically receiving and analyzing data
obtained in step (1) to provide a test value representing the status (concentration or copy
number) of one or more circulating cell-free DNA molecules having a nucleotide sequence of
at least 25 nucleotides falling within a chromosomal region set forth in Table 2, and
optionally for comparing the test value to one or more reference values each associated with a
predetermined status of colorectal cancer. In some embodiments, the system further
comprises a display module displaying the comparison between the test value and the one or

more reference values, or displaying a result of the comparing step.

[0094] Thus, as will be apparent to skilled artisans, the sample analyzer may be, e.g., a

sequencing machine (e.g., llumina HiSeq™, Ion Torrent PGM, Applied Biosystems
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SOLID™ sequencer, PacBio RS, Helicos Heliscope™™, etc.), a PCR machine {e.g.. Applied

. X — . ye . T™ . .
Biosystems 7900, Fluidigm BioMark ™, etc.), a microarray instrument, ete.

[8695] In ove embodiment, the sample analyzer is 8 sequencing instrument, e.g., a next-
generation sogquencing nstrwment such as Roche™s GS systoms, Hluming’s HiSeq and MiSeq,
and Applicd Biosystoms™ SOLID systems.  Circulating celi-free DNA molecules are isolated
from a patient’s blood or serum or plasma, and the sequences of all of the circulating cell-free
DNA molecules are obtained using the sample analyzer. The sequencing instrument is used
in sequencing the circulating cell-free DNA molecules, and obtaining the sequences of these
molecules. A computer system is then emploved for avtomatically analyzing the sequences
10 determine the level of a circulating cell-free DNA molecule having 8 nucleotide sequence
of at least 25 nucleotides falling within a chromosomal region set forth in Table 2 in the
sample. For example, the computer system may compare the sequence of each circulating
celi-free BNA molecule in the sample to the sequence, available in the buman sequence
database, of the chromosomal region to determine if there is a mateh, 1.e., if the sequence of a
circulating celi-free DNA molecule falls within a chromosomal region set forth in Table 2
The copy mumber of 1 particular civeulating cell-free BNA molecule iy ulso automatically
determined by the computer system. Optionally the computer system automatically
correlates the sequence snalysis result with a diagnosis regarding colorectal cancer, For
example, if one, and preferably two or more, circulating cell-free DNA molecules are
identified to be derived from chromosomal regions designated as “UP” in Table 2 and present
at an increased level, then the computer system automatically correlates this analysis ressit
with a disgnosis of colorectal cancer. If one, and preferably two or more, circulating cell-free
DNA molecules are identified to be derived from chromosomal regions designated as
“DDOWN™ in Table 2 and present at a decreased level, then the computer system
automatically correlates this analysis result with a diagnosis of colorectal cancer. Optionally,
the computer system further comprises a display module displaying the results of sequence
analysis and/or the result of the correlating step. The display module may be for example. a
display screen, such as a computer monitor, TV monitor, or the touch screen, a printer, and

audio speakers.

18096} The computcr-bascd analysis function can be implemented in any suitable language
and/or browsers. For example, it may be implemented with C language and preforably using
object-oricuted high-level programming languages such 4s Visual Basic, SwalfTalk, C++,
and the like. The apphication can be writien 1o suit environmments such as the Microsoft

Windows ™ environment including Windows ™M 98, Windows ™ 2000, Windows'™ NT, and
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the like. In addition, the application can also be written for the I\{aclnmshTM, SUN m, UNIX
or EINUX environment. In addition, the functional steps can also be implemented using a
yniversal or plattform-independent progranuning lunguage. Examples of such multi-platform
progranuping languages include, but are not Hmited to, hypertext markup fanguage (HTML),
JAVA™ . JavaScript™, Flash programming language, common gateway interface/structured
query language (CGI/SQL), practical extraction report language (PERL), AppleSeript™™ and
other system script languages, programming language/structured query language (PL/SGL),
and the like. Java' V- or JavaScript’ "-enabled browsers such as Hotlava' | Microsoft”
Explorer™, or Netscape'  can be used. When active content web pages are used, they may

. ; TM ; < aTM : :
mclude Java™™ applets or Active X" controls or other active content technologices.

186971 The analysis function can also be embodied in computer program products and used
in the systems described above or other computer- or internet-based systems. Accordingly,
another aspect of the present invention relates to a computer program product comprising a
computer-usable mediur having computer-readable program codes or instructions embodied
thercon for enabling a processor to carry out the analysis and correlating functions as
described above. These computer program instructions misy be loaded onto u computer or
other programmable apparatus to prodace a machine, such that the instructions which execute
on the compuier or other programmable apparatus create racans for implementing the
functions or steps described above. These computer program instructions may also be stored
in a computer-readable memory or medium that can direct a computer or other programmable
apparatus to function in a particelar manner, such that the instructions stored in the compuater-
readable memory or medium produce an articic of manufacture inchuding mstruction means
which implement the analysis. The computer program instructions may also be loaded onto a
computer or other programmabie apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus to produce a computer
implemented process such that the instructions which execute on the computer or other
programmable apparatus provide steps for implementing the functions or steps described

above,

[8098] The following cxarmples are provided by way of tlustration only and not by way of
limitation. Those of skill in the art will readily recognize a varicty of non-critical parameters

that could be changed or modified 10 yield essentiaily similar results.
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EXAMPLES
Example 1. Identification of colorectal cancer-associate CNA
Study samples

[8098]  The study evaluated 68 serum samples obtained from patients with colorectal cancer
and 72 serom samples from healthy controls. Patient scrum samples were obtained from two
different sites: Cleveland Clinic satellite facility in Florida, USA {n=16) and Ryazar Central
Oblast Hospital, Russia (n=47). Blood was drawn preoperatively from freatmeni-naive
paticnts under local IRB approval and processed as described previously (Beck et ¢l Ciin,
Chem. 55:730-738, 2009). Normal samples were obtained from the department of
Transfusion Medicine of the Georg-August University of Gittingen {n = 12), the Ryazan
Central Gblast Hoapital {n = 50), Asterand plc., Detroil, Mi, USA, (n = ), and an additional

two volundeers.
Construction of sequencing Hbraries

[8106]  After extraction of DNA from serum or plasma, using a standard silica-hased
mcthod, & whele genome amplification was performed in duplicate, The products of the two
reactions were pooled and used for further analysis. The P2 adapter ased for sequencing and
a 10 bp sample-specific nucicotide sequence (also referved o as molecular barcode) are added
by PCR using fusion-primers. Two consecutive PCRs with different fusion-primers were
performed; the total number of cycles was four. Following the PCRs, the tagged DNA of 43
samples (Pool 1} or 49 samples (Pool 2 and 3) was pooled and all further preparations were

performed on this pooled DINA material. Further library preparation steps were as follows:

i} Restriction of DNA with endonuclease Nialll;
i) Removal ot the 37 overhangs created by Nialll using the Large Klenow
Fragment;

iit) Ligation 0of P1 (sccond sequencing adapter) to the blunted ends;

iv) Amplification of the library using primers complementary to the P1/P2
adapters of the fragments; and
V) Size-selection using the 1Base electrophoresis system and 2% E-Gel size

selection agarose gels (Invitrogen) to obtain fragments in the range of 150-250 bp.
Seguencing

{8101} Scquencing of the hibrarics was performed on a SOLiD4+ Instrument {Apphied

Biosysterns) equipped with an HZBead-System (Applied Biosysterns) for conducting the
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cnulsion PORs. Al necessary reagents were purchased from Applied Biosystems., Emulsion
PCRs and sequencing was performed as recommended by the manufacturer. For each

fragment, 50 bp and 10 bp of molecular barcode were sequenced,
Data Analysis

18102} The sequence reads were assigned to the different samples according to the

sequence of the molecular barcode.

{8183} The sequences were mapped to the human genome (Build 36 1/Hgl8) using the
BioScope software suite (Applicd Biosysteras) using the defaunlt pararoeicrization for 50 bp
reads. Brictly, the local mapping algorithm of the software employing a 25 bases seeding
scheme with two serial seedings starting from base 1 and base 16 was used. During
extension of the seeds, a match recetved a score of 1 and a mismatch received a score of -2,
For reads that roapped 1o more than one posttion within the genome, the best mapping
position was recorded when its quality score was five-fold better than the quality score of the
second best mapping {clear zone procedure). All mapping results were recorded for each
mndividual sample. The number of reads mapped in genomic windows of 100,000 bp was
deternuned. The windows {each of 100,000 bp in size) were moved along the chromosomes
by intervals of 58,000 bp starting at a position of 200,000 of each chromosome in order to
exclhide telomere regions. One tabulated text file was produced for each of the haman
chromosomes and each sample. The tabulated text file contained the following information:

i} Chromesome-iD

if} WindowStart

iii} WindowStop

iv) Number of mapped reads
Fach line contained information for one window. These data were used for an unsupervised
cluster scarch n 308 mdependeont rounds of randowm sclection of training scts, consisting of

60% of cach of the disease and control groups.
Selection of genomic clusters

18104} The first step of the unsupervised cluster search (UCS) was:

D Normalization of the reads {per sample)
a. Global - total reads as basis
b Local -> read per chromosome as basis

For 300 rounds, the data were randomized into fraining (60%) and validation sct (40%). The

training sets were used to;
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1) Optimize clusters that segregated discase from control group by
a. Combining consecutive clusters {add reads)
b. Stoppieg at maximum of either
i #disease < smallest control
it. #disease > largest control
23 Record when optimom were found and # disease > 12, otherwise go to 3%
a. Normalization (Global/Local)
b. Chromosome
c. Optimized region (stast — stop)
d. #discase samples positive 1o fraining set
e. #disease samples positive in validation set using:
i delimiter from training set
i defimiter from validation set (according to (b
f. valucs for cach sample 1n (scgregated discasc/control)
i fraining set
it validation set
3 Perform analysis on next window

16105]  The next randomization was performed and the data recorded wnto a new table.

10166] For cach of the 300 runs, performance in the vaiidation set was tested by calling
gach normalized read for any significant region in that set positive if greater then the controls
or less than the controls respectively. A positively called region was set to 17, a not-positive

was set to “07 for each sample and region,
Definition of final clusters segregating controls from colorectal cancer:

(8107} All regions wdentified from the UCS above were ranked according to their number
of occurrences in the 300 rounds. Overlapping or regions were combined and duplications

were removed,

[8168] In three runs of SOLiID4+ sequencing, 1,174,174,163 reads were generated. For the
2 NS o N .

control group an average 6.3 x 107 (5D 2.2 x 107} reads per sample were mappable to the

human genome database version HG18. in the colorectal cancer group, the average was 5.2 x

10° (SD: 1.6 x 10°),

(81091 The 300 rounds of random traiming/validation sets, show a separation of the groups

in the validation sct as given in the table. The AUCs of ROC curves for cach round was
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constructed by using the sum of read calls under different conditions {e.g., global and local

normalization and op or down in disease).

The data m Table | show ATUICs from ROC curves with standard deviations.

Tabie 1
Global Local
All Up Down Al Up Down
AUC Mean 88.5% £28.9% 87.6% 88.1% 86.7% 90.1%
StDev 5.9% 5.8% 7.4% 5.8% 6.0% 5.2%

16116} A final model was constructed from the 300 rounds and applied to all samples. The
biomarker regions for colorectal cancers defined in this way are provided in Table 2. These
regions can be used in different combination for detection of sample status. The “Rank”™ is
calculated from the number of randomizations (sce, sbove) in which a region was identificd.
The graphs presented in Figure 1 with the AUC vahies are based on the combination of such

regions, called positive at 93% specificity fovel.
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Table 2
Direction Nornm
Up GLOBAL
up GLOBAL
up GLOBAL
Lp GLOBAL
up GLOBAL
up GLOBAL
up GLOBAL
Up GLOBAL
up GLOBAL
Lp GLOBAL
up GLOBAL
up GLOBAL
Up GLOBAL
up GLOBAL
Lup GLOBAL
up GLOBAL
up GLOBAL
up GLOBAL
up GLOBAL
up GLOBAL
up GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
DOWN GLOBAL
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Region
69800001-70200000
196550001-196800000
34550001-34950000
154600001-155050000
34350001-34550000
133800001-134350000
27550001-27800000
18650001-18350000
85650001-85950400
S0850001-91180000
114250001-114550000
87000001-87300000
11350001-11700000
13600001-20100000
95100001-854380000
51450001-52000000
61100001-61450000
§2850001-83200000
75350001-756G00600
44700001-45050000
21350001-22050000
180850001-181150000
234500001-235400000
26950001-27450000
95200001-95550000
105100001-105400000
53950001-54200000
148050001-140200000
183950001-184250000
2400001-2800000
134800001-135350000
65150001-65350000
30200001-30600000
10200001-11250000
100200001-100550000
500001-8000060
114450001-114750000
123650001-124100000
127350001-127950000
723150001-72400000
H8250001-68800000
19350001-19800000
49650001-48950000
13050001-13500000
47500001-47200000
31000001-31200000
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Rank

31
74
74
38
43
55

a7
50
66
25
14
16
38
71
22
34
78
50
31
20

12
53
55
11
74
18
29
59
&6
34

61
31
38
19

64
10
30
37
45
54
43
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up
up
up
up
upP
up
up
up
up
up
up
up
up
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN
DOWN

CA 2852098 2020-02-26

LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
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86600001-87150000
69650001-70250000
34550001-35100000
154600001-154950000
107600001-107850000
85650001-85950000
142250001-142450000
106850001-107000000
87000001-87350000
75350001-75600000
68500001-69050000
42750001-43100000
19850001-20300000
8000001-8250000
180850001-181100000
234900001-235400000
105100001-105400000
53950001-54200000
183900001-184300000
173400001-173700000
163600001-163850000
129100001-129550000
65150001-65350000
98000001-98650000
153600001-153950000
10200001-11400000
30200001-30700000
124600001-124950000
100150001-100650000
500001-800000
123650001-124200000
114450001-114750000
127350001-128100000
72150001-72400000
78050001-78250000
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71
42
74
41
50
55
26
48
61
78
66
78
61

45
16

58
66
42
59
64
78

23
40
15
28
20
66

71

CA2852098



CA 2852098

WHAT IS CLAIMED IS:

1. A method of diagnosing or screening for colorectal cancer in a patient,
comprising:

detecting, in a sample that is blood, serum or plasma from said patient, the total
level of a circulating cell-free DNA having a sequence free of repetitive elements that is
unambiguously assigned to a chromosomal region designated as “UP” in Table 2; and

correlating an increased level of said circulating cell-free DNA with an
increased likelihood that said patient has colorectal cancer when the level is at least two
standard deviations greater than an index value from normal subjects;

wherein the nucleotide positions on the chromosomal regions in Table 2 are
numbered according to National Center for Biotechnology Information human genome,

hg18/build 36.1 genome version released March 2006.

2. The method of claim 1, wherein the increased level of said circulating
cell-free DNA is correlated with an increased likelihood that said patient has colorectal cancer
when the level is at least three standard deviations greater than the index value from normal

subjects.

3. A method of diagnosing or screening for colorectal cancer in a patient,
comprising:

detecting, in a sample that is blood, serum or plasma from said patient, the total
level of a circulating cell-free DNA having a sequence free of repetitive elements that is
unambiguously assigned to a chromosomal region designated as “DOWN” in Table 2; and
correlating a decreased level of said circulating cell-free DNA with an increased likelihood that
said patient has colorectal cancer when the level is at least two standard deviations lower than
an index value from normal subjects;

wherein the nucleotide positions on the chromosomal regions in Table 2 are
numbered according to National Center for Biotechnology Information human genome,

hg18/build 36.1 genome version released March 2006.
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4. The method of claim 3, wherein the decreased level of said circulating
cell-free DNA is correlated with an increased likelihood that said patient has colorectal cancer
when the level is at least three standard deviations lower than the index value from normal

subjects.

5. A method of diagnosing or screening for colorectal cancer in a patient,
comprising detecting, in a sample that is blood, serum or plasma from said patient,

the total level of circulating cell-free DNAs, each having a sequence free of
repetitive elements that is unambiguously assigned to a chromosomal region designated as
“UP” in Table 2; and correlating an increased total level with an increased likelihood that said
patient has colorectal cancer when the total level is at least two standard deviations greater than
an index value from normal subjects;

wherein the nucleotide positions on the chromosomal regions in Table 2 are
numbered according to National Center for Biotechnology Information human genome,

hg18/build 36.1 genome version released March 2006.

6. The method of claim 5, wherein the increased total level is correlated
with an increased likelihood that said patient has colorectal cancer when the level is at least

three standard deviations greater than the index value from normal subjects.

7. A method of diagnosing or screening for colorectal cancer in a patient,
comprising detecting, in a sample that is blood, serum or plasma from said patient,

the total level of circulating cell-free DNAs each having a sequence free of
repetitive elements that is unambiguously assigned to a chromosomal region designated as
“DOWN” in Table 2; and correlating a decreased total level with an increased likelihood that
said patient has colorectal cancer when the total level is at least two standard deviations lower
than an index value from normal subjects;

wherein the nucleotide positions on the chromosomal regions in Table 2 are
numbered according to National Center for Biotechnology Information human genome,

hg18/build 36.1 genome version released March 2006.
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8. The method of claim 7, wherein the decreased total level is correlated
with an increased likelihood that said patient has colorectal cancer when the level is at least

three standard deviations lower than the index value from normal subjects.

9. The method of any one of claims 1 to 8, wherein the detecting step

comprises sequencing circulating cell-free DNA from the sample from the patient.

10.  The method of any one of claims 1 to 8, wherein the detecting step
comprises contacting at least one probe that is selective for a chromosome region set forth in
Table 2 with a DNA sample obtained from the sample from the patient under conditions in
which the probe selectively hybridizes to a target sequence present on the chromosome region;

and detecting hybridization of the probe.
11.  The method of claim 10, wherein the probe is attached to a solid surface.

12.  The method of claim 10 or 11, further comprising contacting the DNA
sample with at least 20, 25, 30, 50, 55, 60, 65, 70, 75, 80, or 81 probes, wherein each probe is

selective for a chromosome region set forth in Table 2.

13. A system for analyzing circulating cell-free DNA to diagnose or screen
for colorectal cancer, comprising:

a sample analyzer for determining in a blood, plasma, or serum sample from a
patient, the level of a circulating cell-free DNA having a nucleotide sequence of at least 25
nucleotides falling within a chromosomal region set forth in Table 2; and

a computer system for automatically receiving and analyzing data obtained in
step (1), and for correlating the total level of said circulating cell-free DNA with a diagnosis of

colorectal cancer.

14.  The system of claim 13, further comprising a display module displaying

the result of the correlating step.

35

Date Regue/Date Received 2022-01-07



WO 2013/066641

1.0

0.9+
0.8+

0.7
0.6
0.5
04
0.3
0.2
0.1

Sensitivity

CA 02852098 2014-04-11
PCT/US2012/061044

-
-
-

0.0 - - - - - - - - - -
00 01 0.2 03 04 05 06 0.7 08 09 1.0

1-Sensitivity
B. 10 ——
0.9 // """""""
0.8 /
0.7(
2 064~
s 0
£ 05)-
@ 2
8 04
0.3
0.2
0.1

0.0 - - - - - - - - - -
00 01 02 03 04 05 06 0.7 0.8 09 1.0

1-Sensitivity

FIG. 1

SUBSTITUTE SHEET (RULE 26)



CA 02852098 2014-04-11
WO 2013/066641 PCT/US2012/061044

2/2

C. 10

0.9
0.8
0.7
0.6 ¥
0.5
04
0.3
0.2
0.1

Sensitivity

0.0 . . : : : : : : : -
00 01 0.2 03 04 05 06 0.7 08 09 1.0
1-Sensitivity

D. 10
0.9
0.8+
0.7
0.6 .
0.5
04
0.3
0.2
0.1

Sensitivity

0.0 . . : : : : : : : -
00 01 0.2 03 04 05 06 0.7 08 09 1.0
1-Sensitivity

FIG. 1 (Cont.)

SUBSTITUTE SHEET (RULE 26)



Sensitivity

Sensitivity

1.0 p 1o

0.9 et e e e
P 0.9 = rmeae=tC
osfi —
] 7 08 R
0.7}~
| 0.7{—=
0.6
£ 06
0.5 ;
2 o5
04 £
& 04
0.3
0.3
0.2
0.2
0.1
0.1
00 01 02 03 04 05 06 07 08 09 10 0.0
T Sensttiviey 0.0 01 02 03 04 05 06 07 08 09 10
4 1-Sensitivity
1.0 . . D. 10
0.0~ atl IRl 09
0.8 ! /’_ Piedl 0.8
0.7 (/ 0.7
Z 06
081~ 3
0.51 2 054
‘’ <4 P
0.4} B 041
03 0.3
02 02
0.1 0.1
0.0 0.0
0.0 01 02 03 0.4 05 06 07 08 09 1.0 00 01 02 03 04 05 05 0.7 08 08 10

1-Sensltivity 1-Sensltivity



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - REPRESENTATIVE_DRAWING

